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seen from the following analysis : — The diagram, which is shown below, 
is taken from a Cornish engine. The line drawn horizontally through 
the diagram cuts the expansion line at the point of average pressure, making, 
the area a, b, c, d, equal to the area a, e,f. 




It is evident that if the diagram was produced by a constant force over- 
coming a constant resistance it would take the form of the parallelogram 
^} ft 9> dy b^t under such circumstances the steam would not be expanded. In 
the Cornish engine the load lifted is a constant quantity, and that steam can 
be at all expanded on the piston is due to the fact that the moving load is a 
mass of matter and not merely an opposing force. The expansive force of the 
steam can be utilized because the mass in being changed from a state of rest 
to that of quick motion, absorbs or stores up an amount of energy which is 
expended during the second change from quick motion to the former state of 
rest. In other words, during the first change, e^nergy, represented by the 
portion of the diagram «, h, c, d, is accumulated, and this energy, which is 
also represented by the area a, e, f, is during the second change expended. 

The energy of the mass equals -^ — and the energy represented by the area 

a, 6, Cy d, equals the mean pressure of that portion of the diagram multiplied 
by the distance a, d, and the resultant multiplied by the area of the piston, 
making in the present example 150 foot- tons. The load on the piston is not 
more than 50 tons, and if the engine had no mass to set in motion beyond the 
column of water to be lifted, the required velocity of that mass necessary to 
give it the required energy would be beyond all practical limit. On the other 
hand, if the velocity of the mass is limited to 4 feet per second, then the 
required mass would be about 600 tons, although the expansion is only about 
4-5 to 1. 

If this engine were to be made double-acting and employed to lift water 
on the steam stroke it would be expedient, for practical as well as theoretical 
reasons, to limit the piston speed to 4 feet per second, making it necessary, as 
the author has already shown, to provide a moving mass of 600 tons, but with 
the compound engine, working under similar conditions, only a very small 
moving mass would be necessary, because the variation in the effective pres- 
sures during the stroke would be comparatively very little. An expansion of 
eight times in a single cylinder would give a variation of 8 to 1, but 
in a compound differential engine the force is nearly constant. The 
Cornish engine is a very costly machine; it is only single acting, and 
it requires a great moving mass to make it practicable to employ 
a high degree of expansion ; nor can it be made double acting without 
either making it necessary to increiase the mass beyond a practical 
limit or to employ a low ratio of expansion involving a great waste of fuel. 
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THE COMPOUND DIFFERENTIAL PUMPING ENGINE. 



The engraving on the opposite page represents the Compound 
Differential Engine, as applied to the working of pumps by means of 
quadrants, according to the arrangement shown on page 7. 

A great number of the following sizes have been made : — 



Approximate 
Effective Horse- 
power for 50 lbs 
Boiler Pressure. 


Diameter of 
High Pressure 


Diameter of 
Low Pressure 


Length 
of 


Number of 
Double Strokes 


Cylinder. 


Cylinder. 


Stroke. 


per Minute. 


310 


34 iuches. 


(54 inches. 


b It. ius. 


10 


293 


34 „ 


04 „ 


7 „ „ 


10 


200 


36 „ 


00 „ 


7 „ „ 


11 


246 

rs 


35 „ 


00 „ 


6 „ „ 


12 


240 c* 


30 „ 


00 „ 


„ ., 


12 


'P4 










230 1 


30 „ 


50 ., 


7 „ „ 


11 


185 1 
142 1 


30 „ 


52 „ 


„ „ 


12 


30 „ 


50 „ 


6 „ „ 


12 












142 'S 




25 „ 


50 „ 


5 „ „ 


12 


164 1 


24 „ 


44 „ 


7 „ „ 


12 


135 1 


24 „ 


44 „ 


„ „ 


12 


110 § 

CO 


24 „ 


44 „ 


6 „ „ 


12 


90 - 


20 „ 


40 „ 


6 „ „ 


12 


74 1 

0) 


18 ,. 


30 „ 


6 „ „ 


12 


70 ® 


10 „ 


32 „ 


6 „ q „ 


12 


03 ^ 
66 u, 

a 


10 „ 
15 „ 


32 „ 
30 „ 


6 „ „ 

6 „ „ 


13 
13 


16 „ 


30 „ 


4 „ „ 


14 


0) 

30 1 

P4 


12 „ 


24 „ 


4 „ „ 


14 


24 S 


12 „ 


24 „ 


3 „ „ 


16 


17 ^ 


10 ,. 


20 „ 


3 „ „ 


15 


10 


8 „ 


16 „ 


3 „ „ 


16 


10 


8 „ 


10 M 


2 „ 6 „ 


18 


6 


c „ 


12 „ 


2 „ „ 


18 



Allow 2 gals, of condensing water per effective horse-power per minute. 

From four to tenfold expansion is realised in these Engines. The 
higher the boiler pressure the better the results obtained as regards 
economy of fuel. 
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DAVEY'S SYSTEM 



OF 



UNDERGROUND PUMPING ENGINES 



FOR 



COLLIERIES AND OTHER MINES. 



The system illustrated on the opposite page is being carried out on a large 
scale in a colliery 1,200 feet deep. At a point in the pit 900 feet from the 
surface are placed the pair of Compound Differential Engines, pumps, and 
separate condenser, further illustrated on pages 16 and 17. The engines have 
cylinders 35 and 60 inches diameter, by 6 feet stroke. The pump rams are 
of gun metal, 12 J inches diameter. At the bottom of the pit, 300 feet below the 
main engines, are placed a pair of hydraulic pumping engines, further illustrated 
on page 23. These engines are to lift 1,000 gallons per minute to the main 
engines. The main engines force the water to the surface and supply power 
through the colimin to the hydraulic engines. By this system the main 
engines are kept out of danger of flooding. The hydraulic engines will 
work under water, and can be actuated from the main engine room. As 
further security, they could be placed in a water-tight chamber, accessible 
from the main engine room through a water-tight staple. By such means 
the hydraulic engines could be under repair even when the water rose to the 
main engines, 300 feet up the shaft. 

The economy of this system of draining mines is very great. Although 
the steam engines when placed underground consume a little more steam than 
if placed on the surface,* the useful effect is largely increased by dispensing 
with spear rods, &c. ; therefore, the effective work done by a given weight of 
steam is iacreased, whilst the cost of maintenance is immensely reduced. 

Draining Dip "Workings. 

Dip workings are drained by means of hydraulic engines applied on the 
same principle as those illustrated on the opposite page, and a great number 
are working very successfully in various collieries. The useful effect is about 
80 per cent, of the power applied. 

• The loss from condensation in a well clothed pipe may be taken approximately as 
1 lb. of steam per indicated H.-P., per hour, for each 100 ft. of steam pipe. 

Note, — A stufl&ng-box expansion joint should be provided in the steam pipe allowing an 

expansion of 2^ in. for each 100 ft. in length. 
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COMPOUND DIFFERENTIAL PUMPING ENGINES AJRD 

FORCE PUMPS. 

(See also pages 16, 17 and 48. ) 



Approxi- 
mate 

Effective 
Bone- 
power. 



360 

*246 

246 

230 

185 

142 

142 

154 

1.35 

110 

90 

74 

70 

63 

55 

47 

30 

24 

17 

10 

10 

6 



Diameter 
of High- 
pressure 
Cylinder. 



Inches. 
34 

35 

35 

30 

30 

30 . 

30 

25 

24 

24 

24 

20 

18 

16 

10 

15 

15 

12 

12 

10 

8 

8 





Diameter I 
of Low- Length of 
pressure j Stroke 

Cylinder. 



Number 
of Strokes 

per 
Minute. 



Diameter 

of Pump 

Ram. 



Inches. 
04 

60 

00 

60 

56 

52 

50 

50 

44 

44 

44 

40 

36 

32 

32 

30 

30 

24 

24 

20 

16 

16 

12 



/ 



6 
5 
5 
7 
6 
5 
5 
5 
6 
5 
5 
4 
4 
3 
3 
3 
2 



Ft. Ins. 

7 







6 
6 




















6 
6 



10 

11 

12 

12 

11 

12 

12 

12 

11 

12 

12 

12 

12 

12 

12 

12 

14 

14 

15 

15 

15 

18 

18 



Inches. 



12i 



tl2 



11 

in 

9 
17 



17 
9 
I2i 

• • 4 

6 



Number 
of Gallons 
• aised per j 

Minute. ' 



Height of 
Lift. 



700 



500 



560 

500 

300 

1000 

• • • 

1000 
300 
520 

• • • 

100 



Feet. 



910 



800 



700 
600 
700 
180 

• • • 

150 
400 
240 



400 



a 



hi 
P4 

o 
Pi 

> 

i 

u 

Pi 

u 

o 

■♦-» 
03 

bo 

a 

CQ 


<o 


O 
V 

«4-l 

o 

CD 

o 

5=1 
ca 
bo 

o 



* For illustrations of a pair of these engines see pages 16 and 17. 

t This engine is provided with a surface condenser. 
KoTX.— These engines are provided with surface or injection condensers, and are so designed that Pumps of 
any size can be fixed to them, provided the strokes are the same. The Pumps are of the double-acting ram -variety, 
and are not affected by sand or grit, which rapidly destroys piston pumps. 
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THE DIFFERENTIAL STEAM PUMP. 



-♦♦- 



The engraving on the opposite page represents the Differential Steam 
Pump, fitted with a condensing apparatus,* by means of which the exhaust 
steam is condensed and economy of fuel effected. In writing for prices it 
should be stated whether the condenser is required or not. The following 
table gives particulars of these pumps of various sizes : — 



Diameter 

of 

Steam 

Cylinder. 


Diameter 

of 

Pump. 


Length 

of 
Strobe. 


Number 

of 
Strokes 

per 
minute. 


Number 

of 

(Gallons 

per 

hour. 


Horse- 
Power 
of Boiler 
supplied, 
allowing 
2 cubic 
ft. per 
H.-P.per 
hour. 


Diameter 

of 

Steam 

Pipe. 


Diameter 

of 

Exhaust 

Pipe. 


Diameter 

of 
Suction 

and 

Delivery 

Pipes. 


Height 

to which 

Water 

maybe 

forced 

with 

85 to 40 

lbs. 

BoUer 

pressure 


Pricc 


Inches. 


Inches. 


Inches. 








Inches. 


Inches. 


Inches. 


Feet 


4 


2 


5i 


100 


710 


50 


f 




li 


227 




6 


3 


8 


70 


1094 


135 


1 


1 1 


3 


227 




6 


4 


8 


70 


2710 


210 


1 




3 


127 




5 


5 


8 


GO 


38^0 


• 


1 




4 


60 




7 


5 


8 


(JO 


3870 


309 


1 




4 


110 




7 


5 


10 


00 


4980 


398 


1 


1 J 


4 


110 




6 


C 


10 


60 


7200 


* 


1 


J. * 


4 


56 




8 





10 


50 


5810 


404 


u 


2 


4 


100 




9 


5 


10 


50 


4120 


330 


n 


2 


4 


180 




7 


5 


15 . 


50 


5760 


• •• 


1 


li 


4 


110 




9 


5 


16 


40 


4800 


• • • 


u 


2 


4 


180 




8 


6 


15 


50 


8640 


• • 


li 


2 


4 


1 
100 i 


10 


6 


15 


40 


7200 


• • • 


n 


2 


4 


156 


8 


8 


20 


50 


20680 


» •  


n 


2 


6 


56 ; 


10 


8 


20 


50 


20080 


• • • 


n 


2 


6 


88 


12 


7 


20 


40 


12080 


ft • • 


2 


3 


5 


150 




14 


7 


20 


40 


12080 


• •• 


2^ 


3i 


5 


227 1 


15 


8 


20 


40 


10380 


• • • 


3 


4 


6 


197 





* A vacuum of from 8 to lO lbs. can be obtained with the Condenser. 
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SINGLE CYLINDER DIFFERENTIAL CONDENSING AND 
NON-CONDENSING PUMPING ENGINE AND DOUBLE RAM PUMPS. 



Pumps of any 


size can be 


5 put to either of tlie wndermentioned Engines. 


'EUTectiye 

Horse- 

power, 

vw^th 26 lbs. 

«^^Kage effec- 

•iv^^ pressure. 


Diameter 

of 
Cylinder. 


Length 
stroke. 


Number of 

Strokes 
per Minute. 


Diameter 

of 

Pump Bam 


Number of 

Gallons 
per Minute. 


Height 

of 
Lift. 


Quantity of 

Injection 

Water 

required for 

Condenser. 




Inches. 


Ft. In. 




Inches. 




Feet. 




6 


12 


1 8 


20 


6 


• • • 


 • • 




7 


12 


2 


20 


6 


90 


250 


• 


8 


12 


3 


15 


8 


• • • 


• •• 





10 


14 


2 


20 


6 


• • • 


• • • 


15 


10 


14 


2 


20 


8 


• • • 


• • • 


3 


11 


14 


3 


15 


9 


... 


• • • 




4> 


VI 


16 


2 


20 


8i 


•  • 


• • • 




14 


16 


3 


15 


10 

• 


• • • 


• • • 


s 
fe 


17 


•18 


2 


20 


11 


•300 


135 


P14 

i 

1 

OB 


18 


18 


3 


15 


10 


290 


• • • 


20 


18 


4 


13 


• • • 


« • • 


• • • 


i 


18 
523 


20 
t20 


2 

3 


20 
15 


• « • 

+41 


•  • 

58 


• • • 

1000 





25 


20 


4 


13 


4 • • 


• •• 


• • • 


^ 

&I 


23 


22 


2 


20 


8 


160 


400 


r-H 

03 

60 


26 


22 


3 


15 


• •• 


• • • 


• • » 




30 


22 


4 


13 


• • • 


• • • 


• « • 


a> 


37 


26 


3 


15 


124 


450 


240 


13 

> 


42 


26 


4 


13 


 » • 


• • • 


• • • 


S 
^ 


60 


28 


4 


13 


« • • 


• • • 


• • • 





56 


28 


5 


12 


• • • 


• •• 


• • • 




49 


80 


3 


15 


9 


230 


480 


OQ 


56 


30 


4 


13 


• • • 


• • • 


• • • 


1 


88 


35 


5 


12 


• • • 


• • « 


• • • 


•3 


115 


40 


5 


12 


• •• 


• • • 


• • • 




I 193 


+52 


5 


12 


j9 & m 


300 & 500 


700 & 500 





* Surface Condenser to this Engine. 
Non-Condensing Engine, 
'^e 9-faieh pump has a column of 700 feet, and the 11^ inch pump a column of £00 ft. 
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Horse -Power. 

An actual horse-power equals 33,000 lbs. raised 1 foot high per minute, 
J or 33,000 units of work, which I shall denote by the letters jET.-P. The 
pterin nominal horse-power, — written N. H.-P., — has a varied signification 
according to the fancies of different engineers, and is therefore made very 
confusing. It is a term which might be dispensed with, and the actual 
H.-P. universally adopted as the standard, to advantage. 

The Admiralty rule for N. H.-P. is— 

AT 77 P^IAL ^11 

jy. ii.-i^._yy^^(j^ or ^^^ 

F= velocity of piston in feet per minute. 
^=area of cylinder. 
D= diameter of cylinder. 
S =8troke of engine in feet. 

Ordinary rules — 

If. H,'P.= ,,,^ for high-pressure engines. 



i^. H,.p,J^^ for condensing engines. 

For ordinary horizontal high-pressure non-condensing engines of com- 

merce^ an approximate rule is N. jET.-P.^toj ^^^ jEr.-P. = -^, which is 
; approximately right for an initial pressure of 50 lbs. and cut off at half 
stroke^ with 300 feet piston speed per minute. 

Practical Notes and Formulae for Pumps and 

Pumping Engines. 

To find the quantity of water delivered from a given pump or pipe — 
Let d = the diameter in inches, then : — 

rtTx = the quantity delivered per foot, stroke, or flow in gallons, a 
little under the theoretical quantity. 

A good working velocity of flow for water in the pipes is 200 feet per 
minute^ and the speed of pump piston or ram most suitable for the- 
** Differential Expansive " Pumping Engine, is equal to \/ L X 80, where 
li = the length of the stroke in feet. 

d = diameter of pipe in inches for 200 feet flow per minute. 
p = diameter of plunger in inches — double-acting. 
q = number of gallons delivered per minute. 

g = d2 X 6-66 = 200 gQ, for a velocity of 200 feet per minute, 

D 
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n = number of gallons delivered per hour. 
n=icP x 400. 

q=^x/l[; X 80. 

q = number of gallons of water raised per minuta 
H = the height to which it is raised in feet. 
£r.-P. = effective horse-power of engine without friction. 

H.^P. ==qHx 9000303 = -^^(j- 

h = head of water in feet. 

p = pressure in lbs. per square inch. 

/ = pressure in pounds per square foot. 

p:=ihx 0-433. 

h=p X 2-31. 

f = hx 62-4. 

1 cubic foot of water = 6-24 gallons = 62*4 lbs. = -557 cwi = -028 U 

= 6^ gallons approximately. 
1 gallon = 10 lbs. or 0*16 cubic foot. 
1 cwt. of water = 1*8 cubic foot = 11*2 gallons. 
1 ton of water = 35 9 cubic feet = 224 gallons. 
"Weight of sea water = weight of fresh water X 1*028. 
A cylinder of spring water 1 inch diameter and 1 fathom long 
2-045 lbs. 
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Duty of Pumping Engines- 

A cylinder of spring water, 1 in. diameter and 1 fathom long, weighs 
2-045 lbs. 

L = length of stroke. 
N = number of strokes in one month, 
H = height of lift in fathoms. 
d = diameter of pumps. 

€[ = number of bushels of coal consumed in one month. 
D\dy = number of lbs. lifted one foot high per bushel of coal. 

The calculation was formerly made for bushels of coal, each weighing 
94 lbs., but it is now usual to use the cwt. in the place of the bushel. 

The usual mode of expressing the efficiency of a steam engine, is in 
terms of coal burnt per horse-power or units of work per hour, but as the 
efficiency of the boiler is not in such a case distinguished from that of the 
engine, it is important that a rule should be established by which the 
efficiency .of either might be readily ascertained. 

The efficiency of the boiler may be expressed in lbs. of water evaporated 
i per lb. of fuel, whilst the efficiency of the engine should be denoted in units 
ofvxyrh dcmeper 1 lb. of steam used, 

A fbrmula for that purpose may be thus constructed ; — 

Let 28 = number of cubic inches of water in 1 lb. of steam. 

/ = initial pressure of steam. 

S = its specific volume. 

R = ratio of expansion employed. 

. , (1 + HyP' Log, R) I. 
a = average pressure per square men = ^ — ^^ — — 

U =■ units of work done by 1 lb. of steam, 
then?7=a-(28j<^x_EU 

Let / = 100 lbs. per square inch, then : 
8= 270. See table, page 68. 

The following table shows, in imits of work, the comparative values of 
different degrees of expansion with a constant initial pressure equal to 
100 lbs. pOT square inch ; worked out by means of the above formula, which 
for 100 lbs. initial pressure stands thus : U = a (630 X i2). 
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1 

Initial Pressure. 


Ratio of 

Expansion 

= R. 


Units of Work. 


Average Presanre 
(l+Hyp. Lon R) T. 


100 lbs. 





C3000- 


100 lbs. 


i» »i 


1-25 


77017-50 

1 


97-8 „ 


., ., 


1-66 


' 94058-64 


90-8 „ 


»» »i 


200 


' 106596- 

1 


84-0 „ 


i» »» 


300 


132111- 


69-9 „ 


tt «» 


403 


150192- 


69-6 „ 


f» t» 


1 

500 


j 1C4115- 

1 


521 .. 


t* t» 


8-00 


193530- 


38-4 „ 


»» »t 


1000 


i 207900- 

1 


830 „ 



The formula for the duty of pumping engines* would then become 

Duty = ^^ ^^ — Trr— ^ , m which W = weight of water in lbs., 

and duty = units of work per lb. of steam. 

For the convenience of readily and accurately recording the duty of 
pumping engines, the water should be measured into the boiler by a meter 
made to register in lbs., and if at the same time the weight of fuel burnt were 
noted, the duty of both engine and boiler could be ascertained. The' duty of 
the boiler would be found b}'' dividing the number of lbs. of water evaporated 
by the number of lbs. of standard fuel burnt, and the results obtained should 
then be expressed thus : 

Duty of engine = number of units of work per lb. of water evaporated. 
Duty of boiler = number of lbs. of water evaporated per lb. of coal burnt. 



Water Works. 

Consumption of Water in Towns. 

15 to 20 gallons per head of population per day in non-manufacturing 
towns. 

20 to 30 gallons per head in manufacturing towns. 

Maximum demand 2 J times the average. 

Impounding reservoirs should contain 120 days' supply in the rainy dis- 
tricts and 200 days' supply in the less rainy districts of England. 

Service reservoirs should contain 3 days' supply. 



• « 



See page 61. 
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Rain-Fall. 

Greatest rain-fall in England in 24 hours about 3 inches. 
Annual rain-fall in England from 20 to 70 inches. 
Mean „ „ „ 42 inches. 

Mean daily evaporation in England, '08. 

Infiltration in England in Winter, 33 per cent. 

Springs 35 

Summer, 52 

Autumn, 48 

Average for the year, 42 
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"Wells in various Geological Formations. 

In the Neiv Red Sandstone, — Robert Stephenson found when experi- 
menting with wells in this formation around Liverpool, that abundance of 
wuter is stored up in the new red sandstone, but the sandstone is generally 
very pervious, admitting of deep wells drawing their supply from distances 
exceeding one mile ; the permeability is however occasionally interfered with 
by faults or fissures filled with argillaceous matter. He also reported that 
tliere was no possibility of obtaining permanently more than about 1„000,000 
or 1,200,000 gallons per day from any one well, and this only when not inter- 
fered with by other wells. 

Through Chalk into Loiuer Green Sand. — A remarkable artesian well 
lias been bored at . Passy in this formation, for supplying water to Paris. 
The first water-bearing strata was reached at a depth of 1,894 feet, but the 
water did not rise to the surface. At length a true artesian spring was 
tapped at a depth of 1,923 feet, yielding 5,582,000 gallons per day. 

Through Tertiames into Upper Green Sand and Chalk. — Wells have 
been bored into this formation with varying success. At Brighton, a boring 
is said to yield 1,000,000 gallons per day. At Worthing, 30 feat above the 
sea and 360 feet deep in the chalk, a well gives a good supply. In the valley 
of the Lee wells have been successful up to 100,000 gallons per day near the 
surface. At Southampton, a depth of 1,317 feet was reached without suc- 
cess and the scheme was abandoned ; several other similar undertakings met 
with a like result. 

Domestic Wells generally catch the adjacent percolating water from the 
surface, and are very liable to receive impurities, unless great care is exercised 
in selecting the site and insuring a proper construction. 



DIMENSIONS AND W£IOHT OF FUKP PIPES FOR lONEa 



LENGTH OF PIPE, 9 FT. 
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DiscHABGE OP Water through Pipes. 



1 

180 Feet per Minute. 

1 


200 Feet per 3iinute. 


220 Feet per Minute. 


of 
Pipe. 


Head 
required 

per 
100 Feet 


Gallons 

per 
Minute. 


Diameter 

of 

Pil)e. 


Head 
required 

per 
100 Feet. 


Gallons 

per 
Minute. 


Diameter 

of 

Pipe. 


Head 

required 

per 
100. Feet. 


Gallons 

per 
Minute. 


1 


4-32 


0-110 ' 


1 


5-33 


0-790 


1 


6-45 


7-482 


2 


2-10 


24-441 


2 


2-67 


27-184 


2 


8-22 


29-928 


3 


. 1-44 


55»117 


3 


1-78 


61-227 


3 


2-15 


67-388 


4 


l-0« 


97-888 : 


4 


1-33 


108-738 


4 


1-61 


, 119-587 


5 


0-80 


152-944 ; 


5 


107 


109-900 


5 


1-29 


186-987 


6 


0-72 


220-282 


6 


089 


244-786 


6 


1-08 


269-289 


7 


0-02 


299-903 


7 


0-76 


333-198 


7 


0-92 


366-493 


8 


0-54 


: 391-682 


i H 


007 


436-203 


8 


081 


478-728 


9 


' 0-48 


495-807 


9 


0-59 


550-924 


9 


0-72 


606-042 


10 


0-43 


612-081) 


10 


0-53 


(J80-113 


10 


064 


. 748-137 


11 


0-39 


740-718 


11 


0-4S) 


823-020 


11 


0-59 


905-322 


12 


0-30 


881-029 


12 


0-45 


979-018 


12 


0-54 


1077-408 


13 


0-33 


1034-386 


13 


0-41 


1149-110 


13 


0-50 


1264-458 


14 


0-31 


1199-014 


i i-t 


0-38 


1333-043 


14 


0-46 


1466-472 


15 


0-20 


1377-311 


1 16 


0-30 


1530-069 


16 


0-43 


1683-450 


1 ^^ 


0-27 


1600-855 


10 


0-33 


1740-812 


10 


0-40 


1915-392 


1 ^^ 


0-26 


1709-493 


17 


0-31 


1905-895 


17 


0-38 


2162-991 


1 ^^ 


0-24 


1983-333 


18 


0-30 


2203-449 


18 


0-36 


2424-168 


1 20 


0-22 


2448-484 


20 


0-27 


2720-320 


20 


0-32 


2992-176 


1 22 


0-20 


2902-872 


22 


0-24 


3292-080 


22 


0-29 


3620-664 


1 ^ 


0-18 


3525-892 


24 


0-22 


3917-450 


24 


0-27 


4309-008 



Water Wheels. 



Let it be required to find the effective thrust of the crank of an over- 
ahot water wheel employed for pumping. 

c = length of crank. 
r = radius of wheel. 



r — c 



= effective leverage. 



n == number of buckets, 

W = weight of water in each bucket. 

f = friction =(^8 X ^J X ~3 ~ 

5 
p = effective thrust. 

P=[(lx'^)x^]-/ 
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Discharge of Water over Sills. 

d = depth from surface of water where at rest, to the top of sill in inches. 
c = cubic feet of water discharged per minute for every foot in width of sill. 

c = 615 Vd^ 
d 



H 



12 



= depth in feet. 



c = 214 V H'^ + 'Oc55 V'^ Hy if the water approaches the sill with a 
velocity = F. 

Pipe Jointing. 
The weight of lead required for jointing socket pipes may.be approxi- 
mately estimated by reckoning 1 lb. per inch diameter of pipe for each joint 
up to 8 inches diameter ; \\ lbs. from 8 inches to 16 inches diameter, and 
1^ lbs. from 16 inches to 24 inches diameter. In the small pipe joints the 
thickness of lead should be about -^ inch, and in the large ones about -^ inch. 
The depth of socket is usually about 4-i- inches, the pipe measuring 9 feet 4^ 
inches over all. 

Strength of cylinders — circumferential strain : 
r = internal radius, 
jp = pressure per square inch, 
c = cohesive strength of the metal. 
X = the required thickness. 

Proportions of Cast -Iron Flange Pipes. 



Diameter 

of 

Pipe. 


Diameter 

of 
Flange. 


Thickness 

of 

Flange. 


Number 

of 

Bolts. 


Diameter 

of 

Bolts. 


Diameter 
of Circle 
of Bolts. 


\\ incheF 


4J inches 


\ inch 


'^ 


f inch 


3^ inche> 


S , 




5i „ 


\ » 


3 


7 
T5 »» 


H » 


21 , 




6 „ 


S >. 


4 


1*3 '» 


4J „ 


a 




OJ „ 


1 » 


4 


4 „ 


5 „ 


4 




8 „ 


\ » 


4 


9 

T3 '» 


6i ,. 


6 




9i .. 


s . 


4 


9 

T3 ♦» 


7J M 


, 




lOi ., 


\ M 


6 


% M 


8*. » 


7 




12 „ 


1 „ 


6 


1 n 


10 „ 


8 




13i „ 


i . 


6 


1 M 


lli » 







14i „ 


i M 


6 


8 „ 


12i „ 


10 , 




16 „ 


1 » 


G 


1 . 


13J „ 


12 




18i „ 


1 » 





1 ,, 


16 „ 
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Weights and Proportion of Cast-Iron Socket Pipes, for a Head 

OF ABOUT 200 Feet. 



Diameter 

of 

Pipe. 


Length 
without 
Socket. 


Depth 

of 
Socket. 


Lead Joint. 


Average 

Weight of the 

Pipe. 


Average Weight 

of Quarter 

Bends. 


Inches. 


Ft. Ins. 


Inches. 


Thickness. 


Depth. 


Weight. 


Cwt. qrs. lbs. 


Cwt. qrs. lbs. 


n 


6 


3 


4 inch 


li inch 


1-2 lbs. 


1 14 


10 


2 


6 


3 


i " 


li ,. 


1-4 „ 


2 


12 


2J 


6 


3i 


i „ 


li .. 


1-6 „ 


2 11 


19 


3 





H 


i » 


1« .. 


2-3 „ 


10 8 


1 17 


4 


9 


4 


T3 " 


2 „ 


4-0 „ 


12 


2 19 


5 


9 


4 


8 
T5 »» 


2 „ 


50 „ 


2 


3 


6 


9 


4i 


5 
T7 »» 


2i „ 


6-5 „ 


2 2 


Odd 


7 


9 


4i 


li 


2i „ 


7-7 „ 


8 12 


1 25 


8 


9 


4i 


5 

T5 »» 


2i .. 


8-2 „ 


3 2 24 


12 2 


9 


9 


M 


5 


2i ,. 


10-4 „ 


4 10 


1 2 18 


10 


9 


4i 


T3 »' 


2i „ 


11-5 „ 


4 3 14 


3 3 


12 


9 


4i 


I*U »» 


2f „ 


150 „ 


6 2 


3 3 21 



D 

d 

W 

W 



Weight of Pipes. 
outside diameter in inches, 
inside diameter, 
weight of lineal foot in lbs. 



h = 2*45 for cast-iron. 
— 2*64 for wrought-iron. 
= 2*82 for brass. 
= 3'03 for copper. 
= 3-86 for lead. 



Hydraulic Formulje. 

g = force of gravity = 32*2. 
H = head of water in feet. 
P = pressure per square inch. 

V = theoretical velocity in feet per second. 
H =: P y. 2-307. P == H x -4335. 



V 2g = 8-026. 
E = -0165 v^. 



r =8025 V Jtf. 



Delivery of Water in Pipes. 



D 
H 
L 
W 



diameter of pipe in inches. . 
head of water in feet, 
length of pipe in feet, 
cubic feet of water discharged 

per minute. 



Tf, = 4-72 J. 
D= 538^/. 



L 



H 
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SATURM'ED STEAM. 


HYPERBOLIC LOGABTTHMa 


AlMofaite 
prnMueinlbc. 
per iqiiare inch. 


Temperature of 
Steam— Fah. 


^[lecifie Volume. 


' Batio of 
Expansion 


Hj^Log. 


PortioBfll 
stiokeatvUeb 
fltesmiscotolL 


5 


162-3 


4527 : 


• 

1-25 


•223 


A 


10 


103-3 


2358 


1-43 


•358 


A 


•14-7 


212-0 


1042 


1-66 


•506 


6 


20 


2280 


1220 


2-00 


•003 


i 


23 


235-5 


1075 


2-50 


•016 


T^ 


30 


250-4 


838 ! 


3-33 

1 


1-202 


I'll 


35 


250-3 


720 i 


4-00 


1-386 


k 


40 


267-3 


640 


5-00 


1-600 


i 


45 


274-4 


572 


0-00 


1-701 


k 


50 


2810 


518 j 


7-00 


1-045 


k 


65 


2871 


474 


8-00 


2-070 


i 


60 


292-7 


437 


0-00 


2-107 


i 


65 
70 
75 

80 
85 
00 
05 
100 


208-0 
302-0 
307-5 
3120 
3161 
320-3 
324-1 
327-0 


405 
378 
353 
333 
314 
208 
283 
270 


10-00 


2-302 


iV 


The above table of Hyperbolic Logarithms 
is given jEiir the convenience of calculating 
the average pressure for a given initial pries" 
! snre and ratio of expansion. 
j R = ratio of expansion. 
1= initial pressure. 

a — average pressure throughout the Qtcoks. 
! (l+Hyp.Lop.n) I 

! R 



Condensing Water. 



T = 
1 = 

W = 
t = 

r = 

W = 



weight of steam to be condensed. 

its temperature. 

its latent heat. 

weight of injection water req^uirad. 

its temperature* 

temperatuire of the njixturoa 



For values of I, see Table on page 59. 



* Atmospheric pressiure. 
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Pressnreof 

Steam in 

lbs. 


of 
Steam. 


Sum . 
of Latent 
and Sensible 
Heat. 


Tempera- 
ture— Fah. 


PresRure 

of Steam 

inlbs. 


Latent Heat 

of 

Steam. 


Sum 
. of Latent 
*and Sensible 

Heat. 


Tempera- 
ture— Fah. 




1002-6 


1124-6 


32* 


29 


939-6 


118.7-6 


248* 




1080-0 


11300 


50** 


39 


927-6 


1193-0 


266* 




1007-4 


1135-4 


68** 


53 


914-4 


1198-4 


284* 




1054-8 


1140 8 


86*^ 


69 


901-8 


1203-8 


302* 


1 


1042-2 


1146-2 


104° 


90 


. 889-2 
1 


1209-2 


320* 


2 


1029-0 


1151-6 


120* 


115 


874-8 

• 


1212-8 


338* 


3 


1017-0 


1157-0 


140* 


146 


862-2 


1218-2 


356* 


4-5 


1004-4 


1162-4 


158* 


182 


849-6 


1223-6 


374* 


7 


991-8 


1167-8 


176* 


229 


835-2 


1227-2 


392* 


10 


979-2 


1173-2 


194* 


279 


822-6 


1232-6 


410* 


•14-700 


966-6 


 1178-6 


t212* 


348 


808-2 


1236-2 


428 


21 


952-2 


1182-2 


230° 


402 


795-6 


1241-6 


44e^ 



Weight of Boilers. 

Reckon 6 lbs. per ^" of thickness of plate for each superficial foot, 
will give the weight very near, including lap and rivets. 

Strength of Boili^rs. 

Strength of plate = 100^ 

Strength of single ri vetted joints =56. 

Strength of double rivetted joints = 70. 



This 



Strength of Boiler Tubes. 

P = collapsing pressure in lbs. 
K = thickness of plate in inches. 
L = length of tube in feet. 
D = diameter of tube in inches. 

K X 2-19 
L X D 



or 



P = 806300 
Log. P = 1-5265 + 2-19 log, 100 K-log, {L D). 



Chimneys. 

F =5 number of lbs. of coal consumed per hour. 
h = height of chimney in feet. 
A = area of chimney at top in square inches. 



* Atmospheric preanue. 



t B<»liiiff point. 
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H.-P. = indicated horse-power. 

Vh ' 
for economical pumping engines — 
^ _ 70 H.-P. 



Vh 








H.P. 


HeiRht of 
Chimney. 


Diameter at 
Base. 

8 feet. 


Diameter of 
Flue. 


60 


75 feet. 


2 feet 4 inches. 


100 


100 „ 


11 » 


1 3 „ „ 


200 


120 „ 


13 „ 


' 4 „ ., 


800 

1 


100 ., 


u „ 


 4 „ 6 ,. 

1 



Velocity of Artificial Draught. 

H = height of chimney in feet. 
T = temperature of air supplying the chimney. 
t = temperature of air at top of chimney. 
V = velocity in feet per second. 

F= 36-5 v/ H {T-ty 



Short Link Chains — Best Tested. 



Size. 


i Working Load. 

I 


Outside Dimensioni. 


1 inch. 


1 ton. 


1 

1} inches x 1^ inches. 


t'« »» 


li » 


2^*8 » X Ij'j „ 


\ u 


2 „ 


2i » X li „ 


A » 


i 3 „ 


2t», „ X li „ 


« " 


4 „ 


2J „ X 2i „ 


11 
1 e " 




3i', „ X 2f „ 


i ,. 


6 „ 


31 „ X 2J „ 


il .. 


7 „ 


31 „ X m » 


J .. 


8 „ 


4t»j „ X 3 


is „ 


8 .. i 

1 


4a „ X 3,», „ 


1 .. 


10 „ 


48 „ X 8i „ 


ii'. .. 


lOi „ 


4J „ X H » 


U .. 


12 „ 


5i'« " X ^h »» 
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Weight of Wrougiit-Iron. 

The weight of 1 cubic inch of wrought-iron = 0*28 lbs. 

Number of cubic inches , 
= tons. 

8000 

Number of cubic inches , 

= cwts. 

400 

Number of cubic inches 

Number of cubic inches 



3-5 



= lbs. 



Weight of Cast-Iron. 

The weight of 1 cubic inch of cast-iron = '26 lbs. 

Number of cubic inches . 

-8040 =*""^- 

Number of cubic inches . 

= <5wts. 



432 
Number of cubic inches 

i08 
Number of cubic inches 



= qrs. 
= lbs. 



3-85 
1 cubic foot of east-iron = 448 lbs. = ^th ton = 4 cwts. 

1 foot superficial 1 inch thick = — ^— ^ 

Let n = number of cubic inches of cast-iron, 
W = weight in lbs. 

W = T -f (4 X the number of hundreds expressed by the first, or 

hand figure in product), thus : Let n = 1728 cubic inches, then :=* - 
^ 432 and 4 X 4 = 16 .-. TT = 432 -f 16 = 448 lbs." 



McOoRguoPALB & Co., Printebs, Leei>s. 
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